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EXECUTIVE SUMMARY

Green Infrastructure for Texas (GIFT) is a program of the Texas A&M AgriLife Extension
Service (AgriLife) with the Texas Community Watershed Partners.The GIFT program works to
demonstrate a range of green infrastructure (Gl) practices, aimed at reaching individual
property owners, large scale undeveloped lands, and decision makers in the Galveston Bay
watershed. The activities funded by this contract have helped to advance theknowledge and
usage of ecological restoration and stormwater wetlands asGl practices. This project consisted
of two primary components, 1. Vegetation Monitoring at the Sheldon Lake State Park(SLSP)
restored freshwater wetland project site; and 2. Stormwater wetland demonstration sites and
project development.

Stormwater wetlands are gaining traction as a best management practice in the Lower Galveston
Bay watershed and throughout Texas. This contract allowed AgriLife staff to increase the
knowledge base,establish new partnerships, and empower more entities to begin using
stormwater wetlands in their communities.

Quarterly vegetation monitoring for th e SLSPproject allowed for additional data collection. This
data, combined with previously collected data, suggessthe SLSP restoration is on a successful
trajectory . The data presented will better inform management of ongoing and future wetland
restorations in the Galveston Bay watershed

INTRODUCTION

Gl is an approach to managing stormwater that uses nature-based solutionsand is applicable on
a variety of scales, from a lot with an individual home, to a thousand-acre park, and every scale
in between.

As communities in the lower Galveston Bay watershed, and across the State of Texas struggle to
manage increasing populations, increasing impervious surface cover, and large rain fall events,
Gl is a solution that is gaining ground. Success of projects like Exploration Green that protected
homes from flooding during Hurricane Harvey, and the Sheldon Lake State Park freshwater
wetland restoration that re -created over 400 acres of lost wetland habitat and replaced countless
ecological services, continue to draw interest from communities both large and small.

The activities funded by this contract have helped to advance the knowledge and usage of
ecological restoration and stormwater wetlands as Gl practices. Building partnerships to
advance current and develop future projects, managing and expanding an educated and
committed volunteer base, establishing on the ground demonstration projects, and collecting
vital data long-term data on projects, were all activities funded under this contract.

PROJECT SIGNIFICANCE AND BACKGROUND

Freshwater wetland restoration beganat SLSPin 2003 . Since that time, four additional phases
have been restored with the completion of Phase5 in 2018. Altogether, 410 acres of agriculture
land have beenrestored to the coastal prairie i freshwater wetland complex that existed there
some 100 years ago.In 2013, in partnership with the Texas Parks and Wildlife Department
(TPWD), AgriLife Extension staff developed a vegetation monitoring protocol for Phases Il and
Il of the SLSPproject. This contract continued quarterly data collection for Phases Il and I,



and established data collection for Phases IV and V which were completed during thecontract
timeframe. Coastal Prairie wetlands such as the ones at SLSRre disappearing at an alarming
rate due to development pressure.Restoration is one key strategyin reclaiming this lost
resource, however we must be able to measure the success of these projects and adjust the
methods for future projects to ensure we are using the best possible restoration protocols.
Studies such as the one funded by this contract & essential to assessing the wetland plant
community and creating long-term data sets to help understand community change over time.

Another method of creating wetland habitat is through the construction of stormwater wetland s.
While the design and intent of these two wetlands are different, at the most basic level theyhave
the same components: wetland soils, hydrology, and vegetation The TCEQ identifies those
water bodies that do not meet assigned water quality standards as impaired. The majority ofthe
bayous and streams in the Houston-Galveston region are considered impairedfor high levels of
bacteria. Studies have shown that stormwater wetlands are effective at removing nuisance
bacteria as well as other pollutants including nutrients, hydrocarbons, and sediment. A well-
designed stormwater wetland can also mitigate flooding by holding stormwater and releasing it
downstream over time. As interest in this best management practice grows, so does the need for
educational and science backed design critera including plant selection, residence time, outfall
design, and flood mitigation value. This contract supported development of stormwater wetland
demonstration projects, which included p artnership development, outreach, education, wetland
plant propagatio n, and volunteer coordination.

METHODS
Vegetation Monitoring

The vegetation monitoring protocol was updated using the initial 2013 AgriLife -TPWD design. A
Trimble Geo5T Handheld with a navigational accuracy of 3 inches was purchased for this
update. The additional accuracy of the global positional system (GPS) device allowed for easier
discernment of vegetation plots within the geodatabase. The Trimble unit also allowed for digital
data collection, as paper data collectionsheets were not used for this project.

Quiality assurance (QA) was performed in the field to ensure that field staff (both paid and
volunteer) were executing the protocol correctly. Field duplicates were performed for a subset of
plots, where two separateindividuals assessed vegetative cover classes. This ensured accuracy of
all data collected. Finally, in office quality control was executed on data, assessing both the

digital data and paper duplicates.

Wetland restoration p hases 1, 4, and @t SLSPwere monitored seasonally from Winter 2018 to
Fall 2019. Within each 1x1m2 plot, individual species were identified and assigned one of six

cover classes (Oi 4%, 51 29%, 307 69%, 7071 94%, 957 99%, and 100%).A volunteer botanist
identified any unknown species encountered. Data were analyzed for species constancy to assess
species distribution within the plant community; species abundance to understand how plentiful
individual species are within the wetland; and species richness, or the number of individual
species in an area of interest. These three indicators allowed AgriLife staff to assess restoration
successacross all phases of the restored wetland.

The full field sampling methods can be found in the Comparative Study in Appendix 1.



Stormwater Wetlan ds

A variety of methods were used to complete the stormwater wetland project development and
demonstration tasks.

One on one meetings were held with prospective partner organizations, these frequently
included site visits to completed projects or to potential project sites. For projects like H ouston
Botanic Garden and Exploration Green that progressed into the design and construction phases,
AgriLife staff worked to coordinate with project partners through additional meetings and site
visits. At these meetings AgrilLife staff worked to ensure proper design and construction of the
wetlands including water depths, flow patterns, wetland planning areas, and outflow structures.

Educational programs non-technical groups and the general public were held to foste
community knowledge and buy into the purpose and benefits of stormwater wetlands. Power
point presentations, hands-on activities, fact sheets, flyers, and site tours were all tools used to
engage stakeholders.

Finally, investing in volunteers was essential to maintain and expanding the educated volunteer
base for the stormwater wetland program. Workdays were held regularly on Thursdays
throughout the project period where AgriLife staff worked with volunteers to complete a variety
of tasks at the established wetland plant nurseries at EG and GCBO including weeding existing
potted plants, splitting and re -potting plants that had outgrown their containers, and preparing
for planting events. In addition, volunteers collected new plant material from local site s,
removed invasive species and litter from completed projects, and served as mentors for youth
and one-time volunteers at larger planting days. A majority of the regular stormwater wetland
team volunteers are certified Texas Master Naturalists; therefore AgriLife staff gave
presentations about ongoing projects at chapter meetings and training classes to foster the
partnership with these groups.

RESULTS AND OBSERVATIONS

This project furthered the understanding of the vegetative progress of restored freshwater
wetlands in Texas. Studying the different project phases at SLSP allowed a snapshot in time for
each restoration stage. During the same growing season, data collected across the phases
represents a time span of 14 years (Phase 1 was planted in 2005 ahPhase 5 in 2019) giving a
unique perspective of the progression of restoration and insight into changes in freshwater
wetland plant communities over time.

This project also served to expand the use of stormwater wetlands as a best management
practice in the Lower Galveston Bay watershed. Five partnerships were formed or continued
during the course of this project, and new audiences reached. Two stormwater wetland projects
were designed but not completed due to changes in leadership and priorities in the partner
communities. Volunteers were engaged throughout the course of the project, providing a
valuable labor force to maintain wetland plant nursery stock as well as plant the constructed
wetlands.



TASK 1: PROJECT ADMINISTRATION

Objective : To effectively administer, coordinate, and monitor all work performed under this
Contract including technical and financial supervision and preparation of status reports.

Output:
1 Project Work;
1 QPRs;
 Reimbursement forms;
1 Contract communication meeting minu tes; and

1 Project Article

Outcome: Project completed on time and on budget, and all deliverables were accomplished
with benefits to many communities and stakeholders in the Lower Galveston Bay watershed.

TASK 2: QUALITY ASSURANCE

Objective: To refine, document, and implement data quality objectives and Quality
Assurance/Quality Control (QA/QC) activities that ensure data of known and acceptable quality
are generated by this project.

Output:
9 Draft and Final Approved QAPP
1 QAPP Annual updates
T QAPP amendments

1 QAPP conconformances reports

Outcome: A comprehensive quality assurance plan was developed and executed for wetland
vegetation data collection and analysis at the SLSP project site.

Task 3. Proposed monitoring regime for Sheldon Lake State Park freshwater
wetland restoration sites

Objective: To collect vegetation cover data from designated areas within restoration sites and a
control area (no construction) to evaluate the success of plant establishment.

Output:
1 Monitoring protocol
1 Comparative study report

 Collected data



Outcome: Vegetative monitoring was completed for state fiscal quarters 3 and 4 during
FY2019 and quarter 1 of FY2020. Results are provided in the Comparative study provided in
Appendix 1.

Task 4. Stormwater wetland demonstration and project development
Objective: Development and implementation of stormwater wetland projects in the GIFT
program area.

Outputs:
1 Project Partner MOUSs, Engineering, Design and Site Documents
1 Outreach materials
1 Wetland plant nursery propagule counts

Outcome : AgriLife staff worked with partners to develop stormwater wetland projects within
the 5-county GIFT program area in both new and retrofitted detention basin s, community
parks, andlocal governmentally owned property. Table 1 overviews the five projects hat were
developed during the grant period, including the current project status. Copies of the
Memorandums of Understanding developed with project partners are included in Appendix 2.

Figure 1 Newly excavatedstormwater wetland ponds at Houston Botanic Garden, November
2019.



Table 1 GIFT Stormwater Wetland Projects, Partners, and Current Project status

Project Name

Partner Organization

Current Status

Exploration Green
Phase 1

Exploration Green
Phase 2

Exploration Green
Phase 3

Brazosport College

Alvin Kost Pond

Houston Botanic
Garden

MD Anderson
Houston Campus

Clear Lake City Water
Authority and Exploration
Green Conservancy
Clear Lake City Water

Authority and Exploration
Green Conservancy

Clear Lake City Water
Authority and Exploration
Green Conservancy
Brazosport College

City of Alvin

Houston Botanic Garden

MD Anderson

Completed

Excavation Complete

Repairs to Sand Pockets to be
complete early 2020

Planting to begin late Feb. 2020
Excavation 18% complete
Planting to begin Fall 2020

Partnership ended by new
leadership at Brazosport College

Partnership/ Project cancelled by
new leadership at City of Alvin

Excavation Complete

Waiting on install ation of Outfall
Structures and final grading

Planting Estimated to start in
March 2020

Proton Therapy Wetland
Completed planting in June 2019

Ongoing photo monitoring

Education and outreach is an essentialeffort to adoption of new practices such as stormwater
wetlands. For this project, outreach focus areas were volunteer workdays, email newsletters,
presentations, publications, and consultations with interested entities or landowners .

Volunteer workdays were held on a weekly basis, with additional dates added during times of
intense planting, such as the spring of 2018 for Exploration Green Phase 1. Over the course of
the project 84 workdays were held, engaging 672 volunteers, who provided 2,326 hours of
service.



Figure 2 Volunteers planting at Exploration Green, June 2018.

A weekly email newsletter was sent throughout the course of the project, with few
exceptions. This regular contact is integral to keeping volunteers engaged and informed. Not
only does it convey information about upcoming workdays, but it also includes project updates

so a volunteer can stay up engaged and be more likely to return. The number of subscribers grew
from 165 to 199 over the course of the contract period. These weekly email newsletters will
continue after the close of this project. Links to archived newsletters are in Appendix 3.

Presentations and publications were conducted and produced as needed throughout the
project. Ten presentations (including wetland tours) were given over the course of the project
and three publications (volunteer flyer, GIFT informational postc ard, and a press release)
produced. Copies of the press releases are included ippendix 4.

The final piece of the contract is wetland plant propagation . The vegetation component of
stormwater wetlands is often a barrier for success. There are only twofor profit companies in
the Houston area that source and install native wetland plants. Though this contract, AgrilL ife
staff along with volunteers worked to increase stocks of plant species particularly appropriate
for regional stormwater wetlands, produci ng quantities needed for large-scale planting at
stormwater wetland projects. Current plant inventories for both the Exploration Green and Gulf
Coast Bird Observatory nurseries are include in Appendix 5.

DISCUSSION AND SUMMARY

Through this project, AgriLi fe staff were able to move the needle on Gl projects in the Lower
Galveston Bay Watershed. Important vegetation data for the SLSP wetland project is now
available in a report to share with other agencies and entities that are restoring wetlands and
measuring the success of those projects. This data has also allowed AgriLife staff to assess the
current status of the SLSP project. Our data shows that older wetland ponds are as expected,
further along the vegetation successional gradient for a maturing wetland, however these ponds
do not show an overwhelming higher species diversity. The close proximity of all five restoration
phases may be contributing to younger ponds recruiting new species at a faster rate, thereby
helping them to mature faster. Overall, data collected through this contract, combined with
previously collected data suggest the SLSP restoration is on a successful trajectory. The SLSP
restoration model can be used as benchmark for similar projects in the Lower Galveston Bay
Watershed.



Stormwater wetlands are gaining traction as a best management practice in the Lower Galveston
Bay watershed and throughout Texas. Projects like this one that build partnerships and create
on the ground demonstrations of this technology are essential to the continued adoption of
these practices. The success of Exploration Green Phase 1 was seen during Hurricane Harvey
when despite unprecedented rainfall, homes that had previously flooded multiple times in
smaller rainfall events did not flood during Harvey. More and more entities are seeing
stormwater wetlands as a flood mitigation practice and water quality benefit. This combination,
as well as the aesthetic and recreation value of these projects, create a unique and attractive
stormwater management practice. This contract has allowed AgriLife to increase the knowledge
base, establish new partnerships, and empower more entities to begin using stormwater
wetlands in their communities.

NEXT STEPS

A new ecological restoration project has begun at the Anahuac NationalWildlife Refuge. Moving
on from SLSP has been an important next step to engage additional partners and further the
reach of GIFT. Additional restoration sites and partners will be pursued. In addition, additional
data on the SLSP project should be collectel to strengthen the long-term data set and to follow
the succession of wetland vegetation over time. This information will continue to inform
restoration protocols at other sites.

Immediate next steps for stormwater wetlands include planting the project s ites at Exploration
Green Phases 2 & 3 and Houston Botanic Garden. In addition, water quality sampling (funded
by a Texas General Land Office Coastal Management Program grant) will continue at MD
Anderson and Exploration Green Phase 1 during 2020. Extension staff will continue to engage
new project partners and seek additional on the ground projects. Extension staff are also looking
to fund a how-to guide for stormwater wetlands with specific recommendations for the various
regions of Texas. Resources suclas this would go far in empowering additional entities to
embrace this Gl practice.

Finally, for both programs, a wetland plant nursery how -to guide that includes pond design and
maintenance, vegetation growing information, and best practices would be beneficial for other
groups who want to cultivate wetland plants for their projects.



APPENDICES

Appendix 17 Sheldon Lake State Park Freshwater Wetland Vegetation Monitoring Comparative
Study. (Task 3.3)

Monitoring V egetationlndicators to Assess thé&uccess of

Wetland Restoration
Colleen Ulibarri, Rosemary Kline, Andy Rydzak, Paul Roling,

Marissa Llosa, Christie Taylor, and Charriss York

ABSTRACT

Wetland restoration varies greatly with no single method working seamlessly across geographic locations
or even different types of wetlandgus, neasuringhe progresf restoratiortoward an anticipated

state is also difficult as outcomes are more filaving targets on a continuum. Given the wide range of
approaches to restoring this ecotype andsgieific influences such as a climate, hydrology, previous
land-use, or elapsed time since restoration, land managers are challenged to interpregt®e chan

observed andiscernif they on the right trajectory. This study aids to advance the knowledge base for
freshwater wetland restoration by (1) developing a method to monitor the condition of a wetland; and (2)
analyzing responses of the plant commutitthe ageand successf restorationin this study, percent

cover was monitored as an indicator for species distribution, abundance and diversity in restored wetlands
of varying ages in Sheldon Lake State Park from 2013 to 2019. Based on high relatiessiand even
distribution of species throughout the monitoring period, it was concluded that the restoration is on a
manageable and expected successional trajectory. Species constancy and abundance showed the wetland
was shifting in composition and alilance as expected, with new species appearing confirming that

natural colonization was taking place. The study also found that the age of restoration between the Phases
had less than the expected influence on species riciifessgata presented wilketter inform

management of ongoing and future wetland restoration



INTRODUCTION

Freshwater wetlands are highly productive and ecologically valuable ecosystems that are being degraded
at alarming rates due to human disturbance and changing climalegiEabrestoration is a method to
increase the number of quality aces of this unique system on the landscape. Wetlands provide a
disproportionately high number of ecosystem services compared to their surface area because they are
transition zone$ encom@ssing characteristics from both upland terrestrial and aquatic environments.
Therefore, high species richness and diversity can be used as a goal for restoration projects.

Restoration can be thought of as assisted changes in a plant community towaetissdesessional
state(Luken 1990Young et al. 201). Progress toward the target ecosystem has been used to measure the
success of restoration effo(tdoll 2002 McLachlan & Bazely R03). Therefore, routine monitoring of a

wet |l and 6 s criticalnodunderstamding thestrajectory of succession and thus the progress of
restoration. Given the high diversity of natural wetlands, we monitored species distribution, abundance
and richness of wetland vegetation as a proxy to assess the condiiogstifred wetland complex and

the success of the restoration methods.

Restoration managers are interested in observed changes after restoration and how quickly they occur
(Newbold et al. 2019). This study looks at the changes observed in vegetatiorsdasdnality and the

age of restoration, or unattributed variability due to the stochastic nature of succession. Also, the
monitoring protocol developed can be used as a template and offer lessons learned to improve future
restoration monitoring regimes.

Site Description

The study site is 410 acres of restored freshwater wedlaticoastal prairie located within Sheldon Lake

State Park in Houston, Texasistorically, the area was a complex of native prgwa¢hole wetlands that

were drained and levelddr farming St. Augustine grasStenotaphrum secundatyand Bermudagrass
(Cynodon dactylgnamong others through timéhe area waacquired by Texas Parks and Wildlife in

1952, becoming a public state park in 198dstRratiorof the tall grass prairiand freshwater wetlands

began in 2003. The historic location of grairie-potholewetlands was identified by reading soil
signatures on 19306s aeri al photography. Basins
by sampling soil coreRRestoation occurred in five phases over 16 years in diffgparts of the park

Thus, active restoration (i.e. planting) was completed at different times for each Phase (Table 1).

METHODS

Seasonalegetatiormonitoringwas conductetletween 2013 and 2019dssess changes in plant species
distribution, abundance and diversiBhases 2 and 3 were monitored annually in the Spring between
2013 and 2019 (Table 2). Phases 1, 4, and 5 were monitored seasonally from Winter 2018 to Fall 2019
(Table 2).

Study Design

One pond was selected from eathhe fivephase for monitoring based oits sizeanddepth. Only
those ponds with wateepths exceeding iiches were selected. Aap of the selected ponds is
provided in Appendix AA stratified random desigwas usedo selecimetersquare plotsvithin ponds
for monitoring. Approximately eight plots per acre per depth were selected [)ablesample density



was derived byanalyzingpreliminary datdrom Phase 1n 2003 todetermire variance and theecessary
number ofsamples to detect significant changeth an error rate of 30%. This method whenapplied

to the remainingohases.

ArcGIS 9.2was usedo overlay a 1x1 rhgrid onaerial image of each pond using its surveyedundary
when water level was &s fullest extent. Plots were assigngcdoordinates, stratified by water depth
and then randomigelected

Table 1. The five phases of wetland restoration at Sheldon Lake State Pankston, TexasPond

No. is the pondvithin each phase that was selected for monitoring with associated number of plots

as determined by sample densify8 per acreRestoration completed is the year that active planting
concluded for that Phase.

Pond No.

Size (acres)

No. of Plots Restoration

Monitored Completed
Phase 1 2 3.1 24 2005
Phase 2 11 7.3 58 2011
Phase 3 17 12.4 98 2013
Phase 4 24 3.4 29 2016
Phase 5 2 6.1 50 2019

The depth zonesere determined assuming maximum water level for each pond. This assumption was

alsoused whemetermiring the planting location for eachpeciegluring activerestoration. Phase 2 had
>120) .

threedepthzones (66 p6-1 2 0 ,

Data Collection

> 1 2 Phasedadlfour zanéskdedr;8 041 28 ,

Within each 1x1rfhplot, individual spe@s were identified and assigned one of six cover clas$e4%)
51 29%, 30i 69%, 70i 94%, 95/ 99%, and 100%). Ocular estimation of percent cover is the most
frequently used method for determining abundance due to iteffestive, noninvasive, quicand

efficient naturgMcCune and Grace 20Q23taff were accompanied each time by the same experienced
botanist for the life of the project to assist in plant identification. If a species was not identifiable in the

field, it was recorded to the closéakonomic rank known (e.@enus spp and confirmed upon return.
Uni dentifiabl e

species were

regarded

as

a

uni

Methods ofdata recordig and navigatiowaried from 20132015to 20152019. Between 2013015 data
wererecorded on paper sheets and plots were navigated to uSimgren eTrex Venture HC GP&fter

2015,the team navigated with and recorddidoercent covedata directly into a Trimble Geo5T
Handheldwith a navigatonalaccuracy of £3nches.Percent cover data recorded between 2Z20Bwas

thereforegeoreferenced

Data Analysis

For the purpose of this study, two temporally different datavests usedDatasetA, collected
seasonallpetween 2012019 forPhasedl i 5; DataseB, collected in theSpring of 20132019 for

Phases 2 and @ able 2) Seasonatiata reflects the four seasqmsnter, spring, summer and fail)ithin
a threemonth window(e.g. Winter monitoring was conducted between December and February).

Table 2. The two subsets of data analyimetludingphasesnonitored data collection periods, and

annual frequency of monitoring events

Phase

Collection Period

Collection Frequency

que



Dataset A 1,2,3,4,5 20182019 47 winter, spring, summer, fall
Dataset B 2,3 20132019 1- spring

Species Constancy

Constancy can be used an indicator to assess species distribution within a plant co(nmudéyelice
et al. 1999, Johnson and Swanson 20@t et al. 200p It is a populatiorattribute used to express an
individual species6 frequency. To account for wvar
proportionof plotsin a pondwherea speciesvas recordedp) out of the total number of plots sampled in
that pond ).

" n

o] T ZPpTT
Constancy was calculated for each pond in Dataset A and then change was graphed over seasons. Ten
species were selected from each pond as a subset of the total amount analyzed. The species selected were
among the highest occurring within a eyear period. A comprehensive list of species detected within the
wetland complex between 2018 and 2019 is provided (Appendix B).

Species Abundance

Species percent cover was used as an indicator for abundanceaptietion(Tart et al. 2005)Given

that individual species were assigned to a cover class (i.e. range of percentages) and not an actual
estimated percent, weighted averages were calculated to account for greater contribution of higher cover
classes todtal cover. The same subset of species from the constancy analysis was used. Seasonal change
was analyzed in average cover by species for each pond in Dataset A.

Table 3.Weighted factors used to calculate average percent cover for top ten most freqoiexstisp
Dataset A, collected between 2018 and 2019.

Cover Class % Cover Range Weight

1 0% - 4% 0.04
2 5% - 29% 0.29
3 30% - 69% 0.69
4 70% - 94% 0.94
5 95% - 99% 0.99
6 100% 1.00

For Dataset B, species presence and percent coveanaized from the Spring of 2013, 2014, 2015,

and 2019. A representative plot from each pond and from each depth zone was chosen (e.g. three plots
from Phase 2, and four plots from Phase 3). Within eauthtpke six most consistently occurring species
throughout the years were selected to analyze.

Species Richness

Richness is the number of individual species in an area of interest. The statistic is fundamental to
measuring diversity of a population (Schulz et al. 2009). Richness was calculated for D246
2019) at two different spatial scales: alpha (U0)



Alpha richness was calculated as the total species encountered within a season withif geags (
and separately calculatedths sum of speciesbservedht the pond level within 2018019(" pong.

Gamma richnesD€ompley is the sum of all individual species detected between 2018 to 2019 across all
the ponds the complex as a whole.
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RESULTS

Dataset A: Phases 15, 20182019

Species constanandabundancédy pond

For Phase 1 Pond 2, species constancy was relatively consistent between the seasons with little variability

of presence (Figure 1ARanicum hemitomon, Eleocharis quadrangulata, Pontedaria cordath,

Leersia hexandravere the most frequently occurringesiies within the pond between 2018 and 2019
(Figure 1A). However, this trend was notPtrue for
hemitomorandP. cordata(peaking at 7.5% and 4.8% respectively) had the highest average percent

cover, whileE. quadrangulataandL. hexandrahad proportionally lower abundance (peaking at 2.3% and

3.2% respectively) compared to their constancy (70% and 50% respectively).

In Phase 2 Pond 1E, quadrangulataCyperusvirens, Juncus acuminatus, Azolla caroliraaand

Utricularia gibbawere the most frequently encountered species across the seasons (Figure 2A). The other
five species had lower constancies that were similar to one another (ranging f8&%o;Lbigure 2A)E.
guadrangulatahad the highest abundanaieany species (17% of total cover) within the monitoring plots
(n=58) during Summer 2019 (Figure 2B). carolinianaandLemna aequinoctialiaccounted for the

lowest amount of coverage of the ten spediegibbaspiked in abundance during Summer 2@dith

9% total cover within the plots.

Within Phase 3 Pond 17, a majority of the ten species selected had similar constancy, averaging between
35% and 45% (Figure 3ARNternanthera philoxeroides/ias the most constant species across the seasons
while C. virenshad the highest constancy in a single season (70% of the plots in Summer 2019; Figure
3A). E. quadrangualatavas consistently present in-48% of monitoring plots; however, when

abundance waaccounted for, the species had the highest contribution to total cover compared to any
other species in the pond (15% average cover in plots in Summer 2019; FigureA3@B)pogon
glomeratuscontributed the least to overall pond cover.

Constancy varig between the two most frequent species and the other eight in Phase 4 Fand 24.
cordataandSagittaria platyphyllasoccupied the highest proportion of the 29 monitoring plots (peaking at
69%, 69%, respectively; Figure 4A). The other species were pliagetdtively low proportions, not
exceeding 34% but majority not more than 20% constancy (Figure 4A). The species abundance for the
pond followed a similar trend, with the four most frequent species accounting for the majority of
vegetation cover withinlpts and relative to other species (with the exception of open water and thatch).
No single species provided more than 7% of total cover within the monitoring plots (Figure 4B).
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Figure 1i Phase 1, PondiZSpecies constancy and abundance showndgabset of species that were among
the top ten most frequent across the seasons. (A) Species constancy is the proportion of plots where a species
was recorded. (B) A weighted average percent cover calculated an indicator for species abundance.
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Figure 2i Phase 2, Pond IilSpecies constancy and abundance shown for a subset of species that were among
the top ten most frequent across the seasons. (A) Species constancy is the proportion of plots where a species
wasrecorded. (B) A weighted average percent cover calculated an indicator for species abundance.
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Figure 3i Phase 3, Pond 1i7Species constancy and abundance shown for a subset of species that were among
the top ten modtequent across the seasons. (A) Species constancy is the proportion of plots where a species
was recorded. (B) A weighted average percent cover calculated an indicator for species abundance
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Figure 4i Phase 4, Pond d4Species constancy and abundance shown for a subset of species that were among
the top ten most frequent across the seasons. (A) Species constancy is the proportion of plots where a species
was recorded. (B) A weighted average percent cover calculatedieatar for species abundance
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Figure 5i Phase 5, Pondi2Species constancy and abundance shown for a subset of species that were among
the top ten most frequent across the seasons. (A) Species constangydpdiion of plots where a species
was recorded. (B) A weighted average percent cover calculated an indicator for species abundance



Phase 5 Pond 2 had the highest number of inconsistencies in species present across the seasons in
comparison to th other ponds. For exampkmmania coccineaas detected in plots during the Winter,

Summer and Fall but absent in the Spridgteranthera limosandPotomogeton diversifoliusere only

present in a single season (Figure 5). There is also highseasanalvabi | i ty for i ndivi du
constancy and abundance. To demonstrate, the constaBlyooharis obtusaanged seasonally between

16% and 72% (Figure 5A). The seasonal abundanie alftusavaried from 0.5% to 7.2% (Figure 5B), a

greater differendl than any other species detected.

Species richness within ponds and across wetland complex

Species richness, or the number of individual species detected within a pond between 2018 and 2019
ranged from 44 species in Phase 4 to 112 species in P(iBskl&4). Variation in pond richness between
the seasons was relatively low: Phase 1 had the highest differential throughout the year (20 from Winter
2018 to Fall 2019) and Phase 2 had the lowest differential of 7 species. Total species richnesk across al

ponds for the entire monitoring period was 174 unique spe&igsde; Table 4).

Table 4i Species richness by seastbBefso) for each ponavith associated number of monitoring plots; (
total species richness for each pond during Winter 2018It@EFE (Ukong. Species richnessdompley), OF any
species recorded in any pond making up the complex between Winter 2018 to Fall 2019.

Phase 1 Phase2 Phase3 Phase4 Phaseb5

n 24 58 98 29 50

h Winter 31 52 67 21 24

h Spring 40 59 72 25 34

N Summer 49 59 63 30 42

N al 51 54 75 28 41

h pond 103 87 112 44 76
OCompIex 174

hpondJcomplex | 59%  50%  64%  25%  44%

Phase 3 had the highest richness of 112 species detepletswithin the year; however, it was the

largest pond sampled. Phase 1 was second highest, but when tempered for its size (24 plots compared to
98 in Phase 3), the pond had the highest richness of all the PHasesierage number of species per plot

in Phasel was 4.29 compared to 1.5, 1.14, 1.52, and 1.52 respectively for Phases 2 through 5.

There was not a very distindifferencein species richnessf youngerversusolder Phasewhenlooking
at richness alon@able 4).In analyzingthe proportion of spees detected within a pondut ofthe total

number of species in the compl@@ondoc:omme)), the olderPhases 1, 2, and 3 hhigher percentages
(59%, 50% and 64%espectively) than the younger Phases 4 a2%% (@nd 44% of all species
detected).

Dataset B: Phases 2 & 3, 2013019

Species composition, abundance & richness within representative plots



Overall, species composition shifted in both ponds over thgesix period (Figures 6,7). The most
dominant species observed within plots earlyi@ 2013 and 2014) typically became less frequent in the
later years, and species absent early on increased in frequency over time.

Phase 2

Intheshalb we st p | d®6 o0Angbeogiatpsilostaadhydva annug andC. virenswere present (0%

T 4%) orcovered up to 30% of the plot between 2@035, but were absent in 2019mnosciadium
pumilumincreased in abundance during 2185 but was also not detected in 2QLedwigia palustris
andE. quadrangulatavere newly detectespecieswithin the plotin 2015 and 2019L. palustrisreached

the highest cover class (94999%) in 2015 of any species at any depth for the entire pond (Figure 6A).
Richness was fairly consistent with little variation.

The species richness of nbublgové the moaitorih@periodif@mgx pl ot i
species observed to ten (Figure 6B). Generally, any species present in 2015 and 2019 occurred in higher
abundance than in 2013 and 2014.

The species presentinthedaept er pl ot (> 12 0) frofm gedr totydaeconparede st ¢ 01
to other plots (Figure 6C). The exception Ragjuadrangulatawhich occurred in four out of five years

with varying abundance, while all other species were detected in a single year with relatively low
abundanceThe highest aver class for a single species within selected plots was- 8% for the

monitoring period.

Phase 3

Within the shallowest plot selected for Phase 3, four out of the six selected species were first detected in
2015 and 2014.. pumilumandAnagallis minimavere the only two recurring species between 2013 and
2015 (Figure 7A)

At the next depth zone of 40 to 80, species provi
period, but richness spiked in 2014 (Figure fB)virenswas detected in 2013 atften not again until

2019.L. pumilumwas present in the plot every year, with peak abundance in 2014 at 5% to 29%

coverage. Species richness spiked in the plot in 2014 (15 species) but was consistent at 6 species in the
other years.

Forthe plotrepres¢énat i ve of depth zone 80 t o Altkerdamtherat he hi ghl
philoxeroidesvas present between 2013 to 2015 (Figure 7C). It was not detected in 2019, however

another aggressivgrowing species broadleaf cattdiiypha latifolia,was Species richness gradually

declined over the period.

Within the deepest plot, species that were present in 2013 and 2014 were absent in later years (Figure
7D). Conversely, species detected in 2015 and 2019 were absent from the earlier two years. Richness
remained consistent, dropping to its lowest (3 species detected; Figure 7D) in 2019
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Figure 6i Phase 2, Pond I1Change in percent cover class by species over monitoring period (annually in the
spring, 2013 2019). (AC) are single plots selected t@resent each of the three depths zones in Phase 2. Percent
cover is represented by cover class and as defined in (D). Species richness is the third axis defined as total number

of species detected in the representative plot.



Figure 7i Phase 3, Pond I7Change in percent cover class by species over monitoring period (annually in the
Spring, 2013 2019). (AD) are single plots selected to represent each of the four depths zones in Phase 3. Percent
cover is represented by cover class and as defingédguaré 6D). Species richness is the third axis defined as total
number of species detected in the representative plot.



































































































